Introduction
of the fruit. 13 Juices, alcoholic beverage, jams and natural sweeteners are produced from the prickly pear fruit. 11, 14 O. ficus-indica was used in traditional medicine when dealing with burns, wounds, obesity, hyperlipidemia, edema and catarrhal gastritis. Furthermore, alcoholic extracts showed anti-inflamatory, hypoglycemic, and antiviral activities. 15 Its curative potential was mentioned for metabolic syndromes including diabetes type 2 and obesity, non-alcoholic fatty liver disease (NAFLD), rheumatism, cancer, cerebral ischemia and viral and bacterial infections. 16 Cactus cladodes were shown to present effective cures for gastritis, hyperglycemia, hypercholesterolemia, arteriosclerosis, diabetes, prostatic hypertrophy. 17 Furthermore, cladodes displayed a hypolipidemic effect. Extracts of O. ficusindica were shown to exhibit antibacterial effects on the growth of Campylobacter jejuni and Campylobacter coli. Furthermore, a strong reduction in the adherence of Campylobacter to Vero cells was reported. 18 Methanolic, ethanolic and aqueous extracts of O. ficusindica were tested for antibacterial activity against Vibrio cholera and it was reported that the methanolic extract was the most efficient. 19 Antimicrobial activity was noted versus Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli; in addition to a strong antifungal effect also noted against Aspergillus niger. Furthermore, O. ficus-indica was found to exhibit a significant bactericidal effect against Enterococcus faecium and was able to slightly inhibit the growth of Candida albicans. 20 Linum usitatissimum, which belongs to the Linaceae family, is also known as flaxseed, common flax or linseed and is becoming one of the most important and attention-grabbing functional foods. The original source of this plant is the area extending from the Middle East to India and from Western Asia to the Eastern Mediterranean. 21 In the past, the use of flaxseed was limited to the fabrication of cloth and manufacturing papers; however, nowadays it is planted over more than 2.6million Hectares in different countries including the United States, China and Canada for different uses in the industry. 22 Flaxseed contains many functional ingredients that are considered to be important in the field of healthy diet. These ingredients include: polyunsaturated fatty acids, specifically members of the omega three family, carbohydrates, proteins, lignans and fibers. The attention of most studies is shifted towards omega three fatty acids and their importance in protection against certain infections and their potential for use in treatment of many conditions such as migraine, headache, attention hyperactivity/ deficiency, Lyme disease, glaucoma, preterm labor, panic attacks and many other conditions. 23 The amino acid sequences of the proteins found in flaxseed is comparable with that of proteins found in soybean, which is considered a very important nutritional plant protein. 24 Bhathena and his colleagues in 2003 also showed that flaxseed has an effect on decreasing the plasma triglyceride. 25 Flaxseed is considered to be a fiber rich diet. These fibers are either soluble or insoluble. Fibers in flaxseed were also shown to have an impact on health through the repression of hunger and the decrease of nutrients absorption, which combined affect body weight. 26 Flaxseeds are considered a rich source of phenolic compounds containing many bioactive phenolic compounds including: lignans, flavonoids and phenolic acids.
27,28
In general flaxseed has an anti-proliferation effect, a reason why it was suggested to have a protective effect against hormone dependent tumors and was linked to decreasing the risk of post-menopausal breast cancer. 29 The purpose of this study was to investigate the ability of crude, aqueous and methanol extracts of C. longa, O. ficus-indica and L. usitatissimum to affect the growth of four clinically significant organisms: S. aureus, E. coli, K. pneumoniae and P. aeruginosa.
Methods

Sources of plants used
Samples of C. longa and L. usitatissimum were purchased from a local beans shop. Fresh samples of the cladodes of the plant, O. ficus-indica, which grows in the wild, were obtained from the Wadi Chahrour region of Mount Lebanon. All samples were identified by our reference botanist and then immediately sent to the microbiology laboratory for processing.
Bacterial isolates
The bacterial isolates used in the study were clinical bacterial isolates courteously provided by the Clinical Microbiology Laboratory of the Lebanese American University Medical CenterRizk Hospital (LAUMC-RH). Specifically, the isolates used were multi-resistant strains of the following organisms: Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae and Pseudomonas aeruginosa. The identity of the isolates was confirmed by the use of standard tests. 30 The definitive identification of the Enterobacteriaceae isolates was also done using the API 20E kits (Biomerieux-France).
Preparation of the crude extracts
Two hundred grams of each of the Opuntia ficus-indica cladodes, Curcuma longa roots and the Linum usitatissimum seeds were weighed using a mass balance. The cladode of Opuntia ficus-indica, roots of Curcuma longa and seeds of Linum usitatissimum were chopped and blended well for use in the different experiments.
Preparation of the aqueous extracts
Two hundred grams of each of the Opuntia ficus-indica cladodes, Curcuma longa roots and the Linum usitatissimum seeds were weighed using a mass balance. The cladode of Opuntia ficus-indica, roots of Curcuma lunga and seeds of Linum usitatissimum were boiled in 1 liter of water until the liquid became thick. A portion of the extract was autoclaved while the other was kept not autoclaved, for use in the different experiments.
Preparation of the methanol extracts
Two hundred grams of each of the Opuntia ficus-indica cladodes, Curcuma longa roots and the Linum usitatissimum seeds were weighed using a mass balance, chopped and mixed with 80% methanol in a sterile blender. The extract was then transferred to several Erlenmeyer flasks, kept in an orbital shaker for 1 week and then filtered using vacuum assisted Millipore filtration. Rotary evaporation was performed on the extracts, in order to evaporate all the remaining methanol.
Preparation of the extract containing test plates
Mueller-Hinton agar (MHA) was prepared as recommended by the manufacturer. A portion of the agar was poured in a petri dish to be used as control. Different concentrations of the extracts were later added to the partially cooled, but melted MHA in different Erlenmeyer flasks and then dispensed in petri dishes.
Seeding of the extract containing test plates with the test organisms
A fresh inoculum of each of the test organisms was aseptically transferred to sterile saline and the turbidity of the organisms adjusted to match a 0.5 McFarland standard tube. Each of the prepared sets of plates was then seeded, using sterile swabs, with each of the test organisms. All the sets of plates were then incubated at 35oC for 24hrs, after which the growth of the organisms was noted and recorded.
Results
At a concentration of 0.05mg/ml of either unautoclaved crude or aqueous extract of O. ficus-indica, none of the bacteria used in the experiment was inhibited, however, at the same concentration but when both extracts were autoclaved, partial inhibition of all the bacteria used in the experiment was observed (Tables 1-4 ). When the concentration was raised to 0.1mg/ml, the autoclaved crude extract was also able to totally inhibit the growth of S. aureus, E. coli and K. pneumoniae (Tables 1-3) , and partially inhibit the growth of P. aeruginosa (Table 4) . Whereas the aqueous autoclaved extract totally inhibited the growth of all the bacteria used in the experiment (Tables  1-4 ). C. longa crude and aqueous, autoclaved and unautoclaved extracts didn't show any inhibitory effect at a concentration of 0.05mg/ml on any of the bacteria used in the experiment (Tables 1-4) . However, when the concentration was increased to 0.1mg/ml, the autoclaved extract showed partial inhibition of all the bacteria used in the experiment (Tables 1-4) . Nonetheless, at the same concentration, the unautoclaved extract didn't show any inhibitory effect on any of the bacteria used in the experiment (Tables -4) . L. usitatissimum extracts, whether crude or aqueous, autoclaved or unautoclaved, at any concentration, were not able to inhibit the growth of any of the bacteria used in this experiment (Tables 1-4) The methanolic extracts of O. ficus-indica were not able to inhibit any of the bacteria used in the experiment at the concentrations of 0.025 mg/ml and 0.05g/ml (Tables 5-8 ). When the concentration increased to 0.1mg/ mL, O. ficus-indica was partially capable of inhibiting the growth of S. aureus and E. coli (Tables 5) (Table 6 ) but was not capable of inhibiting the growth of K. pneumoniaea or P. aeruginosa (Table 7) ( Table 8 ). At concentrations of 0.15mg/ml, 0.18mg/ml and 0.25mg/ml O. ficus-indica was partially capable of inhibiting the growth of all the bacteria used in the experiment (Tables 5-8 ). On the other hand, the methanolic extracts of C. longa at concentrations of 0.025mg/ml and 0.05mg/ml did not show inhibition of any of the bacteria tested (Tables 5-8) , however, when the concentration were increased to 0.1mg/ml, C. longa partially inhibited the growth of S. aureus, E. coli and K. pneumoniae (Tables 5-7 ), but did not inhibit the growth of P. aeruginosa (Table 8) . At a concentration of 0.15mg/ml, C. longa was able to inhibit totally the growth of K. pneumoniae ( Table 7 ) and partially that of S. aureus, E. coli and P. aeruginosa (Tables 5, 6 & 8) . When the concentration of C. longa extract was increased to 0.18mg/ml, both S. aureus and K. pneumoniae were totally inhibited (Table 6 ) ( Table 7 ) whereas E. coli and P. aeruginosa were partially inhibited (Table 5 ) ( Table 8 ). The concentration of 0.25 mg/ml was enough to inhibit the growth of all the bacteria used in this experiment (Tables 5-8 ). The methanolic extracts of L. usitatissimum did not inhibit the growth of any of the bacteria used in the experiment at any concentration. However, at extract concentrations of 0.15mg/ ml, 0.18mg/ml and 0.25mg/ml, the growth of the different bacterial strains was enhanced (Tables 5-8) . 
Discussion
The aqueous extract of C. longa did not have any major effect on the growth of the 4 bacterial strains used in this study. This might have been due to the fact that the bioactive material of interest may be thermolabile and thus denatured by boiling; despite the fact that traditional healers depend primarily on aqueous extracts. It was demonstrated, however, that organic extractants yielded more significant and consistent results with regards to antimicrobial activity. 31 C. longa's main organic constituents include curcumin (diferuloylmethane), which makes up approximately 90% of these compounds, followed by demethoxycurcumin and bisdemethoxycurcmin. 32 Curcumin has been under extensive research in the last few decades and showed antioxidant, antiviral, antifungal, 33, 34 and antibacterial activity. [35] [36] [37] [38] [39] [40] Furthermore, curcumin, C 2 H 2 OO 6 , whose melting point is 184ºC, was shown to exhibit high solubility in acetone and ethanol, while being insoluble in water. 41 So this was probably the main reason that no inhibition was observed when testing with the C. longa aqueous extracts. On the other hand, the methanol extract of C. longa was found to be much more effective indicating that methanol is better than water as an extraction solvent of the antibacterial chemical component. In fact, most of the antimicrobial chemicals that were identified were water insoluble, which makes organic solvents more suitable for their extraction. 42 At a concentration of 0.25mg/ml, the methanolic extract of C. longa was found to inhibit the growth of all the bacterial strains tested. This effect increased with the increase of the extract concentration, as expected. From minimal inhibition at 0.10mg/ml, E. coli and K. pneumoniae were both totally inhibited at concentrations of 0.18mg/ ml and 0.15mg/ml respectively. It was noted that even though the inhibition of growth was clearly observed at higher concentrations, the effect obviously started at lower concentrations. The fact that the bacterial strains did grow on lower concentrations doesn't necessarily mean that there was no effect, as it has been verified previously that numerous effects including: changing the bacterial morphology and growth, affecting bacterial virulence factors and altering bacterial susceptibility to host immune defenses were exhibited at subinhibitory antimicrobial concentrations. 43 As for O. ficus-indica, the aqueous autoclaved extract had the most inhibitory effect on all the bacterial strains tested in the study. While weak to moderate growth was observed at a concentration of 0.05mg/ml, complete inhibition was observed at a concentration of 0.1mg/ml for all the tested bacteria. This was an indication that O. ficus-indica flowers contained high amounts of polar components. The obtained results explained why the aqueous extract yield was significant. This could be attributed to the high dissolution capacity of the water; for as water presents with a high polarity index, dielectric constant and cohesive energy, compared with other solvents, it provides strong binding between water molecules and polar compounds from the solute, causing their dissolution. 44 Moreover, analysis of the constituents of the cladodes of O. ficus-indica showed that it contained significant amounts of calcium oxalate crystals. It was demonstrated that calcium had an important role in water retention of succulent tissues and helped to regulate the osmotic pressure in the cells. Moreover, it was shown that the oxalate crystals' size increased as a function of maturation. 45 The existence of calcium oxalate crystals probably limited the bioavailability of calcium, which probably explains the observed antibacterial effect of the aqueous extract of O. ficus -indica against all the bacterial strains tested. On the other hand, both the aqueous and crude extracts, of O. ficus-indica, that were not subjected to autoclaving had no inhibitory effect on any of the bacteria. This was probably due to the fact that autoclaving exposes the extracts to very high temperatures (121ºC) and high pressure (15psi) which lead to complete denaturation and degradation of almost all the organic matter present, leaving ions as the main potential effectors. The fact that the extracts were not autoclaved in this step, indicated that the organic matter was still present and thus, according to Fabrega (2009) , it was capable of binding the ions lowering their antibacterial effect and their "toxicity'' to bacteria. 46 When the methanolic extract of O. ficus-indica was used, no inhibition of growth of any of the bacteria was observed. Phenols and flavonoids are bioactive compounds that were found to be present in O. ficus-indica and have been associated with restorative processes by their antimicrobial properties, abilities to reduce free radical formation and to scavenge free radicals. [47] [48] [49] However, the efficacy of these phenolic compounds depended greatly on their physicochemical properties. In addition, these polyphenols were found to be unstable molecules, and are thus easily oxidized by air and light and consequently can lose their activity. 50 This fact can probably explain the absence of any antibacterial effect when using the methanolic extract, as they might have been deactivated due to their exposure to excessive light, air, or other deactivating factors. The aqueous and crude extracts of flaxseeds, whether autoclaved or not autoclaved did not show any antibacterial activity against the bacterial strains tested. Moreover, the methanolic extract showed an enhancement of the growth of all the bacterial strains starting from a concentration of 0.15mg/ml. This probably was because 6 to 8% of the dry weight of the whole seed of flaxseed was that of a heterogenic polysaccharide, flaxseed mucilage/gum, a soluble fiber. 51 This polysaccharide is part of a group of non-digestible polysaccharides, that also includes galacto-oligosaccharides, fructo-oligosaccharides and cyclodextrins. These polysaccharides are known to be prebiotic substances that selectively stimulate the growth and/or activity of the gastrointestinal micro-flora.
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It is worthwhile noting that the method used to detect the antibacterial effect in this study was standardized as much as possible to be compatible with the recommendations of the European Committee for Antimicrobial Susceptibility Testing (EUCAST). 53 A standardized volume of Muller Hinton Agar was used and diluted with the different extracts to reach the desired concentrations and the bacterial inoculum used to seed the plates was that comparable with the adopted 0.5 Mcfarland standard. Preliminary studies on the methanolic extracts showed that methanol did interfere significantly with the bactericidal activity of the extracts, a reason why the rotary evaporation process was needed, in order to, make sure that all the methanol was evaporated for proper interpretation of the final results.
Conclusion
This study showed that C. longa contained organic components that evidently had an antibacterial effect. Although curcumin, its major constituent, was shown to exhibit antibacterial activity, further research is needed in order to determine whether there is additional substance that might be contributing to C. longa's antibacterial effect. The ionic constituents of O. ficus-indica were found to confer to it an effective antibacterial activity. So far, little research has been done on O. ficus-indica in order to determine any active substances that may also be causing its antibacterial activity. Identification of the active compounds of each plant, constitutes only the first step in the development of new antibacterial pharmaceuticals. Further steps include numerous biological trials, the determination of adequate dosing, and clinically oriented studies to establish the safety, efficacy and pharmacokinetic profile of any new drug. The evaluation of an extract on whole-organism systems is a crucial step in determining its effects on the host or on the normal microbiota, so that it can be used as a valid medicinal agent. 54 The fact that the tested plants (mainly C. longa and O. ficus-indica), and their aqueous extracts, are commonly used by people without reported side effects, indicates that these extracts may be promising to use in vivo without any complications. Flaxseed, on the other hand, was shown to enhance bacterial growth due to its high polysaccharide content, 51 so although it may not have antibacterial effects, it may prove to be very useful when the growth of bacteria is needs to be enhanced like in cases of disequilibrium in the normal microbiota.
